Abstract-This paper considers two different mounting options for a Linear Tapered Slot Antenna (LTSA). Five different antenna designs, utilizing five different slot-line lengths, were tested. The primary purpose of the test was to explore the possibility of using this type of antenna as a radar-receiving structure for possible applications in guided, mini-projectiles. The main emphasis of the testing was to demonstrate the effects of mounting the antennas on a conducting surface.
INTRODUCTION AND BACKGROUND
A series of Ka-Band antennas were produced for evaluation as candidates for mounting on a conducting surface. The Linear Tapered Slot Antenna (LTSA) is known as an endfire antenna because its maximum radiation is directed along the main axis. These antennas were designed with different slot line lengths that varied the antenna's input impedance and resulting voltage standing wave ratio (VSWR). The design work for the antennas can be found in Smith [l] . The emphasis of the testing was to determine the suitability of the antenna for use in guided mini-projectiles. The antenna would be mounted on the outside of the projectile and would be in direct contact with the surface of the projectile body. Because the E-field of the LTSA is created in the slot and would be parallel to any mounting surface, the radiation pattern measurements were collected with the antennas mounted on two different surfaces-one conducting and one simulating free-space. This was done to determine changes in the antenna patterns due to degradation of the E-field. Patterns were measured in an anechoic compact range chamber while the antennas were mounted on a sixinch by six-inch metal plate to simulate antenna mounting on the metal surface and then mounted on a small polystyrene block to simulate antenna mounting in air as a reference measurement. It was decided to use a coaxial line feed across the slot line of the antennas as the feed mechanism to the antenna for testing purposes. [2] This feed is easy to prototype and low cost, but is not a normal feed technique at Ka-Band for the LTSA. Usually a microstrip feed or a waveguide probe feed structure would be utilized. The use of a coaxial line feed technique, while simple to build for this test, probably reduced input efficiency and thus the antenna gain. Although the most important aspect used to evaluate these candidate antennas are their respective radiation patterns, for further evaluation, their respective VSWR values were measured in the laboratory using a network analyzer. These test procedures are detailed in section I1 and the results presented in section 3. 
TEST PROCEDURES
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The slot line length was varied by changing Lad from Omm to 4mm in lmm increments. The coaxial feed was placed over the slot line at a distance of approximately 2mm (this distance is close to h/4 and its use is a known impedance matching technique) from the bottom end of Lslot and is illustrated in Figure 2 . The antennas were mounted in two different confgurations for testing, with both having a vertical polarization (Figure 4) . First, they were mounted on a polystyrene base to simulate mounting in air. Azimuthal cuts were made for both co-polarization and cross-polarization orientations. While the compact range was configured for COpolarization, full raster scans were completed for all five antenna designs.
Next, the antennas were mounted on a conductive base consisting of a 6" x 6" aluminum plate. For mounting configurations, metal plate and polystyrene only, anechoic material was placed between the compact range positioner and the antenna itself. The above-mentioned scans were repeated for this mounting configuration ( Figure 5 ).
Figure 5. Antenna Mounted on Conducting Plate
The antenna measurements were made using a compact range and Scientific Atlanta test equipment. The azimuthal cuts were made while moving the compact range positioner fi-om -135" to 90". The antennas were mounted so that the end fire position faced the compact range reflector at 0" azimuth. At -90", the antenna was broadside (metallic face) to the reflector and at 90", the antenna was once again broadside with the duroid facing the reflector. Input impedance measurements for all five designs were made using an Agilent 8722ES S-Parameter Network Analyzer.
TEST RJZSULTS
The resulting design beamwidth was 28" to 44". The anticipated mainbeam was in the endfire to near endfire direction. Most of the co-polarization patterns in air were not well formed. The L,82 design gave the most desirable pattern and is included in the Figures 6-1 1. All of the measurements, whether co-polarization, crosspolarization, in air, or on metal, either yielded patterns with extremely wide beamwidths, multiple equal gain lobes, or mainlobes in unexpected directions. Often the cross-polarization patterns were indistinguishable from the copolarization patterns with respect to maximum gain and directivity, although the angles of maximum gain and shape of the patterns may be totally different. Thus, no beamwidth calculations were made from these measurements since the principle plane radiation patterns were so broad.
The patterns of the LTSAs on metal yielded little improvement, but there were several notable differences in the antenna patterns. It should be noted that the copolarization patterns were greatly decreased near endfire, at azimuth = 0" (refer to Figure 8 ). Since the radiated electric field is parallel to the mounting plate, the electromagnetic boundary conditions dictate an E field cancellation near the plate. The cross-polarization field is not restricted in this manner, however note that the cross-polarization pattern actually increased near endfire. The network analyzer test port power was -lOdBm and there were 201 data points over the frequency range of 33GHz to 37GHz. A network analyzer calibration was performed before the antennas were analyzed. The measurements presented were taken with the antennas held in air. There was almost no change in the VSWR when the antennas were mounted on the aluminum plate. Although the VSWR for the antennas at 35GHz were almost all below 2.0 (Lmd = 3 had VSWR = 2.7 at 35GHz), the plots show a generally poor input impedance match for all designs. The coaxial line feed is the probable source of the impedance mismatch. This mismatch would tend to make these antennas narrow banded and inefficient.
An estimated gain measurement for the LTSA tested with the coaxial feed is -3OdB. A copy of the gain response is shown in Figure 17 . Because of the inefficient feeding method used, these measurements should be interpreted with this issue in mind. It should also be noted that the feed used for the antenna measurements is not a typical feed for use at Ka-band. 
CONCLUSIONS
There were differences in the antenna patterns when the two mounting configurations were compared. The boundary conditions for general electromagnetic theory state that the tangential components of the E field be continuous across any source free conductorldielectric interface and mounting on a metal plate dictates that the tangential components be zero [3] . It is easy to see from the azimuthal plots that the tangential portion of the E field near the conducting surface is diminished when the antenna is mounted on the aluminum plate. This causes the pattern at zero degrees to be greatly compromised. Further investigation is needed to determine the minimum antenna to conducting surface separation distance requirement that would restore the antenna pattern near the endfire position.
